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(57) ABSTRACT

The invention 1s a serial communication device for receiving
serial data and sampling the serial data with synchronizing
with communication clocks. The device has a clock genera-
tion unit for dividing a reference clock according to a prede-
termined dividing value, generating the communication clock
cach time the number of dividing value of the reference clock
1s generated, and generating a supplemental clock at any
timing of the reference clock between adjacent communica-
tion clock; and a data decision circuit for recerving serial data,
sampling 1-bit data at sampling timings including at least the
adjacent commumnication clocks and the supplemental clock
therebetween, and deciding the 1-bit data according to the
decision by majority of the plurality of the sampling data
which 1s sampled.
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FIG. 2
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FIG. 4

SERIAL COMMUNICATION DEVICE
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1
SERIAL COMMUNICATION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2003-

404203, filed on Dec. 3, 2003, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a serial communication
device, and more particularly to a serial communication
device which can handle the errors of communication speeds
and prevent the receive data detection errors due to noise.

2. Description of the Related Art

As a means of communication between a host computer
and an external processor, UART (Umiversal Asynchronous
Receiver Transmitter) serial communication 1s widely used.
In the case of UART serial communication, the transmission
side and the reception side do not perform data communica-
tion according to a common synchronous clock, but the data
communication speed 1s set in advance, and the reception side
judges the receive data by the sampling clock matching with
the communication speed. Therefore a mismatch of the data
communication speed (cycle) and the cycle of the sampling
clock becomes a problem 1n judging the recerve data.

FIG. 1 1s a diagram depicting the principle of UART senal
communication. The serial communication device in an
external processor connected with a host computer via a serial
communication cable starts sampling detection of receive
data RDX when receiving the start bit STAB which 1s a 1-bat
L. level signal inserted at the beginning of 8-bit serial data
DATA, for example, and detects the H level or L level of
receive data RDX with synchronizing with the H level of the
sampling clock SMP-CLK. When parity bit PAB and H level
stop bit STOB, which are inserted after the 8-bit serial data
DATA, are detected, one frame of serial communication 1s
completed. In non-communicating status, the data signal 1s
maintained to H level.

In this way, the cycle of the sampling clock SMP-CLK
must be matched with the serial communication speed (cycle)
of the recerve data, and normally the cycle of the sampling
clock 1s set according to a predetermined specification of the
communication speed at the design stage.

FIG. 2 1s a block diagram depicting a conventional serial
communication device. This serial communication device 1s
comprised of the recetver unit 10, transmitter unit 20 and
communication clock generation unit 30 for supplying the
clock for communication to these units. The recerve data
RDX recerved from the serial communication path, which 1s
not illustrated, 1s recerved by the data receive circuit 12, then
the receive data 1s detected synchronizing with the commu-
nication clock C-CLK or sampling clock SMP-CLK supplied
from the communication clock generation unit 30, and 1is
converted 1nto the parallel data 14S by the serial-parallel
conversion circuit 14. The transmission target parallel data
24S 1s converted 1nto serial data by the parallel-serial conver-
sion circuit 24, and the communication drive circuit 22 drives
the transmission data signal TDX with synchronizing with
the communication clock C-CLK.

Such a UART serial communication device 1s disclosed 1n
Japanese Patent Application Laid-Open No. 11-275175, and
Japanese Patent Application Laid-Open No. 2002-51034, for
example.
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FIG. 3 1s a diagram depicting the problems of a conven-
tional sertal communication device. In the case of UART
serial communication, transmission and reception do not
share synchronous clocks, but serial data 1s transmitted/re-
ceived asynchronously. Therefore the reception side must
detect data at the sampling clock with the cycle matching with
the communication speed (cycle of serial data). However, the
sampling clock 1s generated by dividing the reference clock at
the reception side, and the cycle does not always perfectly
match with the communication speed (cycle). Therefore, as
FIG. 3 shows, even 1f the sampling clock SMP-CLK 1s gen-
erated responding to the detection of the start bit STAB, the
timing of the sampling clock and the timing of each bit of
serial data may be shifted within one frame 1f an error exists
between the cycle of serial data and the cycle of sampling
clock, and 1n this case a reception error occurs.

To solve this problem, Japanese Patent Application Laid-
Open No. 2002-51034 proposes to make the generation tim-
ing of the sampling clock to be changeable to any timing.
However such a change of timing 1s implemented by software
processing, and this processing becomes a burden, and a
circuit for changing timing is also required.

SUMMARY OF THE INVENTION

If noise 1s generated 1n the recerve signals at the timing of
the sampling clock, on the other hand, detected data becomes
incorrect data. For example, when H level noise 1s generated
in L level receive signals, 11 the time when noise 1s superim-
posed and the sampling clock happen to match, the receive
data 1s detected as H level, which 1s incorrect. To solve this
noise problem, a plurality of cycles of communication clocks
may be used for a 1-bit data transfer, so that 1-bit data 1s
sampled at a plurality of communication clocks, and data 1s
detected based on the decision by majority of the plurality of
sampling data.

However, 1n order to detect data by the above-mentioned
decision by majority to enable noise resistant communica-
tion, the sampling timing of a plurality of commumnication
clocks must be used for 1-bit data detection. This makes the
sampling period within one cycle of serial data longer, and the
influence of the shift of timing, due to the mismatch of the
communication clock (sampling clock) and the data commu-
nication speed shown 1n FIG. 3, increases even more.

With the foregoing in view, it 1s an object of the present
invention to provide a serial communication device to enable
data detection based on the decision by majority of the plu-
rality of sampling data so as to enable noise resistant com-
munication, and to minimize the shift of timing due to the
mismatch of commumnication clocks and data communication
speed.

To achieve the object, the first aspect of the present inven-
tion 1s a serial communication device for recerving serial data
and sampling the serial data with synchronizing with com-
munication clocks, comprising a clock generation unit for
dividing a reference clock according to a predetermined
dividing value, generating the communication clock each
time the number of dividing value of the reference clock 1s
generated, and generating a supplemental clock at any timing
of the reference clock between adjacent communication
clock; and a data decision circuit for recerving serial data,
sampling 1-bit data at sampling timings including at least the
adjacent commumnication clocks and the supplemental clock
therebetween, and deciding the 1-bit data according to the
decision by majority of the plurality of the sampling data
which 1s sampled.
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In the first aspect of the present invention, it 1s preferable
that when the predetermined dividing value 1s an odd number,
the clock generation unit generates the supplemental clock at
a timing of a reference clock which 1s shifted from a central
timing between the adjacent communication clocks. When
the predetermined dividing value 1s an even number, on the
other hand, the clock generation unit generates the supple-
mental clock at a timing of the reference clock matching the
central timing between the adjacent communication clocks,
or at a timing of a reference clock which 1s shifted from the
central timing.

According to the first aspect of the present invention, the
clock generation unit generates a communication clock each
time the number of the dividing value of the reference clock 1s
generated, so the timing of the communication clock 1is
adjusted at fine resolution corresponding to the dividing
value, and the mismatch of the cycle of the communication
clock and the communication speed (cycle) of the receive
serial data can be minimized. The clock generation unit also
generates a supplemental clock at any timing between adja-
cent clocks, and deciding data from the plurality of sampling
data which 1s sampled at a plurality of timings that include at
least two adjacent communication clocks and the supplemen-
tal clock therebetween, using majority logic. Therefore noise
resistant communication becomes possible based on the deci-
s10n by majority, and the sampling period 1n a 1-bit data cycle
period can be decreased, minimizing reception errors due to
the mismatch of the communication clock and the communi-
cation speed.

According to the above mentioned preferred embodiment,
the predetermined dividing value 1s set to an odd number or an
even number, making the timing of the communication clock
to be adjustable so as to match with the communication speed
(period) as much as possible, and the supplemental clock 1s
generated between the adjusted communication clocks. In
particular, even 11 the predetermined dividing value 1s an odd
number, the supplemental clock is generated at a timing of the
reference clock shifted from the central timing of the adjacent
communication clocks. In this way, according to the embodi-
ment, even 1f a relatively large dividing value 1s selected so as
to mimimize the shift of the cycle of the communication clock
from the communication speed (period), the sampling period
for the decision by majority can be decreased by generating
the supplemental clock between the adjacent communication
clocks.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a diagram depicting the principle of UART serial
communication;

FIG. 2 1s a block diagram depicting a conventional serial
communication device;

FIG. 3 1s a diagram depicting the problem of the conven-
tional serial communication device;

FI1G. 4 15 a block diagram depicting the serial communica-
tion device according to the present embodiment;

FI1G. 5 are diagrams depicting the operation of the start bit
detection circuit;

FIG. 6 1s a block diagram depicting a general dividing
circuit of the communication clock generation unit;

FIG. 7 1s a wavelorm diagram depicting an error of the
cycle of the communication clock;

FIG. 8 1s a wavetorm diagram depicting an example when
resolution to adjust the cycle of the communication clock 1s
improved;

FIG. 9 1s a waveform diagram depicting the operation of
the data decision by majority;
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FIG. 10 1s a wavelorm diagram depicting the problem of
the operation of data decision by majority;

FIG. 11 1s a block diagram depicting the communication
clock generation unit according to the present embodiment;

FI1G. 12 1s awavelorm diagram depicting majority decision
processing using the communication clock and the supple-
mental clock according to the present embodiment;

FIG. 13 are wavelorm diagrams depicting the operation of
the communication clock generation circuit according to the
present embodiment;

FIG. 14 1s a block diagram depicting another communica-
tion clock generation unit according to the present embodi-
ment;

FIG. 15 15 a block diagram depicting still another commu-
nication clock generation unit according to the present
embodiment;

FIG. 16 1s a block diagram depicting the data decision
circuit according to the present embodiment; and

FIG. 17 1s a wavelorm diagram depicting the operation of
the data decision circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will now be
described with reference to the accompanying drawings. The
technical scope of the present invention, however, 1s not lim-
ited to these embodiments, but embraces the content of the
Claims and the equivalents thereof.

FIG. 4 1s a block diagram depicting the serial communica-
tion device according to the present embodiment. As with the
conventional example of FIG. 2, this serial communication
device 1s comprised of a receiver unit 10 for recerving the
receive data RDX, a transmitter unit 20 for transmitting the
transmission data TDX, and a communication clock genera-
tion unit 30 which generates the communication clock and
supplies 1t to the recerver unit and the transmitter unait.

The recerver unit 10 1s further comprised of a start bit
detection circuit 16 which detects the start bit to be inserted at
the beginning ol one frame of the recerve data RDX and
generates the start bit detection signal STBD, a data decision
circuit 18 which decides the data of each bit by majority based
on a plurality of samplings after the timing of the start bat
detection signal STBD from the start bit detection circuit 16,
and a serial-parallel conversion circuit 14 which converts the
serial data S18 decided by the data decision circuit 18 nto
parallel data. The converted parallel recerve data S14 1s stored
in the data register 50 and 1s output to the data bus 54 1n the
system via the bus interface 52.

The transmitter unit 20 1s further comprised of a parallel-
serial conversion circuit 24 which converts the parallel com-
munication data S24, stored in the data register 50 via the bus
interface 52 from the data bus 54, into serial data, and a
transmission drive circuit 22 which transmits the serial trans-
mission data.

In the communication clock generation unit 30, a dividing,
value register 32 1s disposed, where the dividing values,
which are set via the data bus 54 or are set 1n advance, are
stored. The communication clock generation unit 30 starts
dividing the reference clock R-CLK responding to the start bt
detection signal STBD, generates the commumnication clock
C-CLK each time the number of dividing values of the refer-
ence clocks R-CLK are generated, and generates a supple-
mental clock at the timing of any reference clock which 1s
between adjacent communication clocks. The generation
timing of the supplemental clock 1s preferably set to a timing
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of the reference clock roughly at the center of the adjacent
communication clocks, but may be shifted in either direction
from the center.

The data decision circuit 18 samples one bit of receirve data
at a plurality of timings that include at least the adjacent
communication clocks C-CLK and the supplemental clock
S-CLK therebetween, and decides the receive data based on
the decision by majority of these plurality of sampling data.
By the sampling using the commumication clocks and the
supplemental clocks, a sampling method, which 1s noise
resistant and whose sampling timing matches with the com-
munication speed (cycle) of the recerve data as much as
possible with decreasing the sampling period, can be pro-
vided. This will be clarified by the description herein below.

The serial communication device according to the present
embodiment uses a plurality of cycles of communication
clocks for a one bit data transfer. Also the number of cycles of
the communication clock per one bit data 1s minimized so as
to make the resolution of the timing adjustment of the com-
munication clock as high as possible. By increasing the reso-
lution of the timing adjustment, the shift between the com-
munication speed (cycle) and the timing of the
communication clock can be minimized. This reason will be
described below.

In conventional UART serial communication, 1t has been
proposedto use 8 or 16 cycles of the communication clock for
a 1 bit data transter. The serial communication device uses the
communication clock as enable signals for data transmission/
reception, To detect the start bit, judge the recetve data and
drive the transmission data. The communication clock 1s gen-
erated by dividing the reference clock on the chip, and by
arbitrarily setting this dividing value so that the timing of the
communication clock 1s adjusted to match an arbitrary com-
munication speed (cycle).

In the case of UART communication, the receive data 1s
input asynchronously with the reference clock and the com-
munication clock of the serial communication device. There-
fore the start bit detection circuit 16 always samples the
recerve data, and detects the start of a data frame. So the
sampling of the start bit 1s executed at the timing of the
communication clock C-CLK.

FI1G. 5 are diagrams depicting the operation of the start bit
detection circuit. This 1s an example when 8 cycles of the
communication clock C-CLK 1s used for 1 bit of data. As
described 1n FIG. 1, the non-communication level in UART
serial communication 1s H level, and the frame of the data 1s
started from the one bit of the start bit STAB. So the start bt
detection circuit 16 samples the receive data RDX at the
timing of the commumnication clock C-CLK, and regards the
detection of continuous L levels as the start bit. In the case of
the example 1n FIG. 5, the start bit 1s decided it the L level 1s
detected continuously four times. Also the sampling point
SMP of the data DATA after the start bit 1s decided. Consid-
ering the mismatch of the communication speed (cycle) and
the cycle of the communication clock, 1t 1s preferable that this
sampling point SMP 1s a commumnication clock at around the
center of the one bit of the data period as much as possible.
Therefore in the example in FI1G. 5, the fourth communication
clock of the continuous four times of L level detected 1s
decided as the sampling timing clock.

In FIG. SA and FIG. 5B, the timing of the receive data 1s
shifted slightly, and therefore four communication clocks for
detecting the L level continuously in FIG. 5A and the four
communication clocks for detecting the L level continuously
in FIG. SB are shifted 1 cycle. In this way, by generating a
plurality of communication clocks to be the sampling timing,
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in 1 bit of the data period, a sampling timing SMP that
matches the period of the recerve data to be recerved asyn-
chronously can be selected.

Now the dividing operation of the communication clock
generation unit, where the generation of shift between the
communication speed (cycle) and the timing 1s generated,
will be described.

FIG. 6 1s a block diagram depicting a dividing circuit of the
communication clock generation unit. The communication
clock generation umt 30 i1s comprised of a dividing value
setup register 32, a selector 34, a down counter 36 which 1s
turther comprised of a flip-flop 35 and subtractor 37, and a
capacitor 38. At first, the dividing value, which 1s set 1n the
dividing value setup register 32, 1s loaded to the thp-flop 35 of
the down counter 36, and responding to the reference clock
R-CLK, the output of the subtractor 37 1s loaded to the flip-
flop 35 via the selector 34, so that the dividing value 1s
counted down. By the reset signal S38, which the comparator
38 generates at the timing when the count value CNT
becomes zero, the selector 34 1s switched and the dividing
value of the dividing value setup register 32 1s reloaded to the
tlip-flop 35 again responding to the reference clock R-CLK.

As the operation wavetform diagram 1n FIG. 6 shows, when
a communication clock C-CLK 1s generated at every 8 refer-
ence clocks R-CLK, that 1s, when the dividing value M 1s set
to 8 (M=8), a value smaller than the dividing value M by one,
that 1s M—-1=7, 1s set 1n the register 32. Therefore the counter
value CNT to be stored in the tlip-tlop 35 at reset 1s the
dividing value M-1=7. And the counter value CNT 1s counted
down as 7, 6, 5, 4, . . . 0, and 1s reset to the dividing value
M-1=7 each time the counter value CNT becomes zero. In
other words, the communication clock C-CLK 1s generated
cach time 8 reference clocks R-CLK are generated. The start
timing ol count down of the down counter 36 1s determined
depending on which reference clock, out of the continuous 8
reference clocks, 1s selected to be the reset timing. Also the
cycle of the communication clock can be adjusted by the
dividing value to be set. It the dividing value 1s set to a value
greater than 8, the cycle becomes longer, and 11 the dividing
value 1s set to a value smaller than 8, the cycle becomes
shorter. In other words, the resolution of the adjustable cycle
of the communication clock C-CLK, where the dividing
value M 1s 8(M=8) and the 8 reference clocks are the basic
cycle, 1s about Y4 the cycle of the communication clock.

The clock generation circuit in FIG. 6 can be comprised of
an up counter, instead of the down counter 36. In this case, an
adder 1s disposed 1nstead of the subtractor 37, and the tlip-tlop
34 is reset to zero by the reset signal S38, and the comparison
value of the comparator becomes a value which 1s set 1n the
register 32.

FIG. 7 1s a wavetorm diagram depicting an error of the
cycle of the commumnication clock. FIG. 7 1s an example when
the number of dividing value M (=8) of the communication
clocks are generated in the communication cycle of commu-
nication data RDX, that 1s 1 bit data period. Compared with
the communication clock C-CLK (1) which perfectly
matches the cycle of the communication data, the communi-
cation clock C-CLK (2), which 1s generated by dividing the
reference clock R-CLK 1n the system, has a slight error d1 in
the cycle. This 1s because 1t 1s actually difficult in many cases
to perfectly match the speed (cycle) of the reference clock
R-CLK and the speed (cycle) of the communication data, and
as long as the communication clock 1s generated by dividing
the reference clock, a slight error 1s generated from the 1deal
communication clock.

Therefore 11 8 communication clocks are generated 1n one
bit of the data period, the error d2 of the communication clock
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cycle 1n one bit of the data period becomes d1x8. And one
frame of UART communication consists of 1 bit of the start
bit, 7 or 8 bits of the data, 1 bit of the parity bit and 1 or 2 bits
ol the stop bit, a total o1 9 to 12 bits, as shown in FIG. 1. So the
error of the cycle of the communication clock per frame 1s
9-12 times the error d2 per bit, and 72-96 times the error d1 of
the cycle of the communication clock.

As described above, the cycle of the communication clock
1s intluenced by the frequency of the reference clock, and 1f
the cycle of the reference clock 1s N and the dividing value 1s
M, then the cycle X of the communication clock becomes
X=NxM. And to make the cycleY ofthe 1 bit data to be equal
to 8 times the cycle X of the communication clock, the divid-
ing value M must be adjusted so as to be Y=8xNxM. This 1s
because thecycle N of thereference clock R-CLK 1s normally
fixed. And normally the dividing value M can only be an
integer, so the cycle of the communication clock can be
adjusted only by the resolution of the dividing value M.

FIG. 8 1s a wavelorm diagram depicting an example when
the adjustment,resolution of the cycle of the communication
clock 1s improved. This 1s an example when four communi-
cation clocks C-CLK are generated for 1 bit of the data period,
where the dividing value M of the communication clock
generation unit shown 1n FIG. 6 1s set to double the dividing
value M=8 1n FIG. 7, that 1s 16. By setting the dividing value
M to 16, the communication clock C-CLK 1s generated at
cach 16 reference clocks, that 1s the cycle of the communica-
tion clock becomes longer, doubling. Along with this, the
cycle of the communication clock can be adjusted by Vis the
resolution of the reference cycle (16 reference clock cycles).
In other words, by changing the dividing value 16 to 15 or 17,
adjustment with a narrower resolution becomes possible. In
FIG. 7, where 8 communication clocks are generated 1n 1 bat
of the data period, the dividing value M=8 to be the reference
1s changed to 7 or 9, so the resolution per cycle of the com-
munication clock increases as .

As a result, the error d1 per cycle of the communication
clock becomes smaller compared with the case i FIG. 7,
since the cycle of the communication clocks increased. The
error d2 per 1 bit of the data period also decreases accord-
ingly. By decreasing the cycle of the number of communica-
tion clocks 1n the 1 bit of the data period 1n this way, errors of
the generatable communication clock C-CLK (2) from the
ideal communication clock C-CLK (1) can be decreased, and
the mismatch of the cycle of the communication clock and the
cycle of the communication data can be minimized.

FIG. 9 1s a waveform diagram depicting the operation of
data decision by majority. To perform noise resistant serial
communication, 1t 1s desirable to make the sampling timing of
the receive data a plurality of times, and data 1s decided by
majority of a plurality (preferably an odd number) of sampled
data. Theretore 1in FIG. 9, the second, third and fourth com-
munication clocks, out of the four communication clocks
C-CLK, are used as the sampling clocks. And the receive data
1s judged by the majority of sampled data at each sampling
point. In the example 1n FIG. 9, noise 1s superimposed at the
sampling timing of the third communication clock C-CLK,
but the sampled data at the second and fourth communication
clocks are correct, so the correct receive data “0=L" 1s
decided by majority.

However, 11 four commumnication clock cycles are assigned
to 1 bit of the data period to suppress errors of the cycle of the
communication clocks, the period where the three sampling
clocks, which 1s the minimum requirement for decision by
majority, are generated, becomes long. In other words, the
decision by majority period DBM (4), when four communi-
cation clock cycles are assigned to 1 bit of the data period
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shown 1in FIG. 8, 1s longer than the decision by majority
period DBM (8) when 8 communication clock cycles are
assigned to 1 bit of the data period shown 1 FIG. 7. As a
result, 1n one frame which consists of a plurality of bits, the
decision by majority period may not be able to match with the
cycle of the serial communication data.

FIG. 10 1s a wavetorm diagram depicting the problem of
the operation of the data decision by majority. When four
communication clock cycles are assigned per bit, and the
sampled data of the second, third and fourth communication
clocks are processed based on the decision by majority, the
decision by majority period becomes long, as described
above. Because of this, majority decision can be performed
appropriately 1t the cycle of the recetve data RDX1 1s exactly
as the specification, but 1t the cycle thereot becomes shorter
than the specification due to the fluctuation of the cycle of the
receive data caused by the communication line, as seen 1n the
receive data RDX2, then the decision by majority period
DBM (4) mismatches with the data period, and decision by
majority 1s performed inappropriately. In the case of the
example in FI1G. 10, the fourth communication clock shiits to
the next data period, where the next data 1s sampled.

As FIG. 10 shows, the fluctuation of the cycle of the recerve
data and the accumulation of errors of the communication
clocks within 1 frame together may cause problems in the
decision by majority.

FIG. 11 1s a block diagram depicting the communication
clock generation unit according to the present embodiment.
This communication clock generation unit 30 1s comprised of
a dividing value setup register 32 where the dividing value
M-1 1s set for the dividing value M, a selector 34, a down
counter 36 which 1s further comprised of a plurality of bits of
tlip-flop 35 and a subtractor 37, and a comparator 38. Up to
this point FIG. 11 1s the same as the example imn FIG. 6.
Theretore the count down operation of the down counter 36
and the reset operation are the same as FIG. 6.

The communication clock generation unit 30 in FIG. 11 1s
turther comprised of a supplemental clock timing generation
section 60 for generating a value of about %4 the value M-1
which 1s set 1n the dividing value setup register 32, and a
supplemental clock generation section 62 which compares
the value when the counter value CN'T 1s subtracted and the
value (M-1)/2 generated by the supplemental clock timing
generation section 60, and generates a supplemental clock
S-CLK at the matched timing.

The supplemental clock timing generation section 60 1s
comprised of a shuft circuit which shiits the value M-1 being
set 1n the dividing value setup register 32 to the right 1 bait, for
example. This may be a circuit which shiits the value M-1 to
the right 1 bit and adds +1. Or +1 may be added or not after the
value M-1 1s shifted to the right 1 bit, depending on whether
the dividing value M 1s odd or even.

The communication clock generation umt 30 1n FIG. 11
generates the communication clock C-CLK each time the
number of the dividing values M of the reference clocks
R-CLK are generated, according to the value M-1 which 1s
set 1n the dividing value setup register 32, just like FIG. 6. In
other words, just like the case of the circuit 1n FIG. 6, the
comparator 38 generates the commumnication clock C-CLK at
the timing when the counter value CNT of the down counter
36 becomes zero. And the supplemental clock generation
section 62 generates the supplemental clock S-CLK at any
timing when the counter value CNT 1s between the set value
M-1 and 0.

FIG. 12 1s a wavetform diagram depicting the decision by
majority processing using the communication clock and the
supplemental clock according to the present embodiment.




US 7,403,582 B2

9

The communication clock C-CLK and the supplemental
clock S-CLK generated by the communication clock genera-
tion unit 30 are supplied to the data decision circuit 18, the
data decision circuit 18 samples the receive data RDX2 at the
timings of the second and third communication clocks
C-CLK and the supplemental clock S-CLK which 1s gener-
ated therebetween, and decides the receive data by the major-
ity of the three sampling data. Just like the receive data RDX2
where the cycle becomes shorter by the fluctuation of the
wavelorm diagram 1n FIG. 10, the cycle of the recerve data
RDX2 becomes short in the example in FIG. 12, and the
fourth communication clock 1s not 1in the period of the receive
data. However, the sampling timing becomes the supplemen-
tal clock S-CLK, which 1s generated between the adjacent
two communication clocks C-CLK, and the decision by
majority pertod DBM 1s short. As a result, appropriate sam-
pling becomes possible, and decision by majority can be
executed correctly.

The number of communication clocks to be assigned to 1
bit of the data period is preferably 2n (n 1s integer), that 1s 4,
8, 16,32 ... because of the hardware configuration require-
ments. In this case, 1t 1s preferable to minimize this number in
order to minimize errors of the cycle of the communication
clock with respect to the communication speed (cycle). And
tor decision by majority, 1t 1s preferable to sample the receive
data using a pair of adjacent communication clocks which
position at the center section of the cycle of the data and the
supplemental clock to be generated therebetween, out of the
2" of these communication clocks, and detect three sampled
data. Therefore 11 there are four communication clocks for 1
bit of data, the second and third clocks and the supplemental
clock therebetween are used as the sampling timings. If there
are 8 communication clocks for 1 bit of data, the fourth and
fifth communication clocks and the supplemental clock ther-
cbetween are used as the sampling timings. The former 1s
preferable to mimimize the errors of the cycle of the commu-
nication clock.

The communication clocks and the supplemental clocks
according to the present embodiment shown 1n FIG. 12 are
clearly different from the 8 communication clocks with a
short cycle shown 1in FIG. 6 and FIG. 7. In other words, when
the 8 communication clocks are assigned to 1 bit of the data
period shown i FIG. 6 and FIG. 7, the communication clocks
1s generated each time the dividing value 8 of reference clocks
are generated. This cycle of the commumnication clocks can be
adjusted by vaniably setting the dividing value M=8, but the
resolution of the adjustment 1s V& for one cycle.

Whereas the sampling clocks comprised of the communi-
cation clocks and the supplemental clocks in the present
embodiment are not always generated each time the same
number of reference clocks are generated. The communica-
tion clock 1s always generated each time the same number of
reference clocks corresponding to the dividing value M (e.g.
15 or 16) are generated, but all the sampling clocks comprised
of the communication clocks and the supplemental clocks are
not always generated each time a predetermined number of
reference clocks elapse. What 1s set 1n the register 1s the
dividing value M (more precisely M-1), which corresponds
to a communication clock generation timing, and the supple-
mental clock 1s merely set to be generated at any timing
between the adjacent communication clocks. Therefore, 1t 1s
allowable that the supplemental clock 1s generated at a timing
different from the central timing between adjacent commu-
nication clocks. Each one of the communication clocks and
the supplemental clocks 1s generated each time a number of
reference clocks, corresponding to a dividing value M (e.g.
M=15 or 16), which 1s greater than the dividing value of the
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communication clock (M=8) shown i1n FIG. 6 and FIG. 7,
clapse, therefore the resolution to adjust the sampling clock
comprised of the communication clocks and the supplemen-
tal clocks shown 1n FIG. 12 1s higher than that of the commu-
nication clocks shown in FIG. 6 and FIG. 7.

FIG. 13 are wavelorm diagrams depicting the operation of
the communication clock generation circuit according to the
present embodiment. FIG. 13 A 1s an example when the divid-
ing value M=17 and a communication clock 1s generated each
time 17 reference clocks R-CLK are generated. The dividing
value M-1=16 1s loaded to the tlip-tlop 35, which 1s counted
down synchronizing with the reference clock R-CLK, and the
communication clock C-CLK 1s generated each time the
counter value CNT becomes zero, every 17 reference clocks
R-CLK. And the supplemental clock timing generation sec-

tion 60 supplies the supplemental clock timing value

(1000=8), which 1s a value when the dividing value M-1=16
(10000) 1s shifted to the right 1 bit, to the supplemental clock
generation section 62. The supplemental clock generation
section 62 generates the supplemental clock S-CLK at the
timing when the counter value CN'T becomes 8. Therelore as
FIG. 13A shows, the communication clock C-CLK 1s gener-
ated each time M=17 of reference clocks R-CLK are gener-
ated, and the supplemental clock S-CLK 1s generated at the

timing around the center of the adjacent communication
clocks C-CLK. While 8 reference clocks R-CLK are gener-

ated between the communication clock and the subsequent
supplemental clock, 7 reference clocks R-CLK are generated
between the supplemental clock and the subsequent commu-
nication clock. In other words, the communication clocks and
the supplemental clocks i FIG. 13A are different from the

communication clocks with the dividing value M=8 shown 1n
FIG. 6 and FIG. 7.

FIG. 13B 1s an example when the dividing value M=16 and
a communication clock are generated each time 16 reference
clocks R-CLK are generated. Just like FIG. 13A, the dividing
value M—-1=15 1s loaded to the tlip-tflop 35, which i1s counted
down synchronizing with the reference clock R-CLK, and the
communication clock C-CLK 1s generated each time the
counter value CNT becomes zero. And the supplemental
clock timing generation section 60 supplies the supplemental
clock timing value (0111=7), which 1s a value when the
dividing value M-1=15 (011111) 1s shifted to the right 1 bat,
to the supplemental clock generation section 62. The supple-
mental clock generation section 62 generates the supplemen-
tal clock S-CLK at the timing when the counter value CNT
becomes 7. Therefore as FI1G. 13B shows, the communication
clock C-CLK 1s generated each time M=16 of reference
clocks R-CLK are generated, and the supplemental clock
S-CLK 1s generated at the timing around the center of the
adjacent communication clocks C-CLK. In this case however,
while 8 reference clocks R-CLK are generated between the
communication clock and the subsequent supplemental
clock, 6 reference clocks R-CLK are generated between the
supplemental clock and the subsequent communication
clock. In other words, 1n this case, both the communication
clocks and the supplemental clocks are different from the
communication clocks with the dividing value M=8 shown 1n

FIG. 6 and FIG. 7.

As the above description shows, 11 the dividing value M=18
1s set, the communication clock C-CLK 1s generated at every
18 reference clocks, and the supplemental clock S-CLK 1s
generated at the timing when the counter value 1s 1000=8. In
other words, while 9 reference clocks R-CLK are generated
between the communication clock and the subsequent




US 7,403,582 B2

11

supplemental clock, 7 reference clocks R-CLK are generated
between the supplemental clock and the subsequent commu-
nication clock.

In the case of the configuration in FIG. 11, where the
supplemental clock timing generation section 60 in the com-
munication clock generation unit 30 shifts 1 bit to the right
and increments +1, the supplemental clock 1s generated at the
timing when the counter value 1s 9 1n the example 1n FIG.
13 A, and the supplemental clock 1s generated at the timing
when the counter value 1s 8 in the example in FIG. 13B.
Therefore 1n the case of FIG. 13A where the dividing value M
1s an odd number, that 1s where the communication clock 1s
generated each time an odd number of reference clocks are
generated, the generation timing of the supplemental clock 1s
shifted from the center of the adjacent communication clocks,
but 1n the case of FIG. 13B, where the dividing value M 1s an
even number, that 1s where the communication clock 1s gen-
erated each time an even number of reference clocks are
generated, the generation timing of the supplemental clock
matches the center of the adjacent commumnication clocks. In
other words, 1n this case, the communication clock and the
supplemental clock 1 FIG. 13B become the same as the
communication clock with the dividing value M=8 shown 1n

FIG. 6 and FIG. 7.

In the case of the configuration where the supplemental
clock timing generation section 60 1n the communication
clock generation unit 30 only shifts 1 bit to the right when the
dividing value M 1s an odd number, and shiits 1 bit to the nght
then increments +1 when the dividing value M 1s an even
number, the supplemental clock 1s generated at the timing
when the counter value 1s 8 1n the example 1n FIG. 13A, and
the supplemental clock 1s generated at the timing when the
counter value 1s 8 1n the example 1n FIG. 13B.

FIG. 14 1s a block diagram depicting another communica-
tion clock generation unit according to the present embodi-
ment. This communication clock generation unit 30 1s com-
prised of an up counter 39, which 1s further comprised of a
tlip-flop 35 and an adder 63, a comparator 64 for generating a
communication clock C-CLK when the counter value of the
up counter and the setup value of the dividing value setup
register 32 are matched in comparison, and a comparator 65
for generating a supplemental clock S-CLK when the %2 value
of the setup value of the dividing value setup register, which
1s generated by the supplemental clock timing generation
section 60, and the count value match 1n comparison. In this
operation, the tlip-tlop 33 1s reset to zero responding to the
reset signal S38 which 1s generated each time the comparator
64 detects amatch, then the value 1s counted up synchronizing
with the reference clock R-CLK. When the counter value
matches the setup value of the dividing value setup register
32, the comparator 64 generates the communication clock
C-CLK, and when the counter value matches 2 of the setup

value, the comparator 65 generates the supplemental clock
S-CLK.

FIG. 15 1s a block diagram depicting still another commu-
nication clock generation unit according to the present
embodiment. In this communication clock generation circuit,
the supplemental clock timing generation section 60, which
has a function to shift to the right 1 bit as shown 1n FI1G. 11, 1s
not used, but the supplemental clock register 66 1s disposed,
and the supplemental clock S-CLK 1s generated by the
supplemental clock generation section 67 for comparing that
register value and the counter value CNT. The other structures
are same as FI1G. 11. In this case, the supplemental clock can
be set to any timing between the adjacent communication
clocks.
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The generation timing of the supplemental clock may be
alternately changed between the counter value when the
dividing value M of the register 1s shifted to the right 1 bat, and
the counter value when +1 1s added thereto. By this, 1in the
case of the example 1 FIG. 13A, the average value of the
timing of the supplemental clock S-CLK comes roughly to
the center of the communication clock C-CLK, and resistance
to noise can be increased.

FIG. 16 1s a block diagram depicting the data decision
circuit according to the present embodiment. The data deci-
sion circuit 18 samples the recerve data three times by the
communication clock C-CLK, which 1s generated each time
the number of dividing values of the reference clocks are
generated, and the supplemental clock S-CLK which 1s gen-
erated between the communication clocks, and the receive
data 1s decided from this sampling data by majority. The
tlip-flop FF1 loads the serial data RDX to be received syn-
chronizing with the reference clock R-CLK when the com-
munication clock C-CLK 1s at H level, and the tlip-tflop FF2
loads the serial data RDX to be recerved synchronizing with
the reference clock R-CLK when the supplemental clock
S-CLK 1s at H level. And the three AND gates AND1, AND?2
and AND3 and the OR gate OR1 are circuits for deciding
majority among the output of the tlip-flop FF1, output of the
tlip-tflop FF2 and the data RDX which 1s recerved instanta-
neously, and when at least one of the three pairs of combina-
tions of the three sampled data match, the AND gate corre-
sponding to that input combination outputs the H level.

The tlip-tlop 70 and the increment circuit 72 constitute the
ring counter, which 1s reset by the start bit detection signal
STBD from the start bit detection circuit 16, counted up until
the communication clock C-CLK becomes H, and 1s ring-
counted from 0 to 3 at every cycle of the serial data. The
comparison circuit 74 outputs H level to the AND gate AND
4 when the count output of the ring counter becomes 2, and
enables the tlip-tflop FF3 when the next communication clock
C-CLK becomes H level. The thip-flop FF3 which was
enabled loads the output of the OR gate with synchronizing
with the reference clock R-CLK, and the receive data S18 1s
output.

FIG. 17 1s a wavelorm diagram depicting the operation of
the data decision circuit. With reference to this data wavetorm
diagram, the operation of the data decision circuit will be
described. When the data cycle of the first bit starts, the
tlip-flop 70 of the counter 1s reset responding to the start bit
detection signal STBD, which i1s not illustrated, and the
counter value becomes zero. When the subsequent data cycle
starts, the 2-bit tlip-tlop 70 loads the counter value incre-
mented by the mcrement circuit 72. So each time the com-
munication clock C-CLK becomes H level, the signal of the
serial data RDX 1s loaded to the thp-flop FF1, and each time
the supplemental clock S-CLK becomes H level, the signal of
the serial data RDX 1s loaded to the flip-flop FF2. When the
communication clock C-CLK becomes H level during the
period when the counter value 1s 2, the result of the decision
by majonty 1s loaded to the tlip-tlop FF3.

Therefore the continuous communication clocks betore the
counter value becomes 2 and the supplemental clock therebe-
tween become the three sampling timings SP1, SP2 and SP3.
In the case of the example 1n FIG. 15, noise 1s superimposed
on the recerved serial data RDX at the third sampling timing
SP3, but the detection data at the first and second sampling
timings SP1 and SP2 are both at L level, so the three inputs are
L, L and H, and the output of the AND gates ANDI1, 2 and 3

are all at L level. As a result, L level 1s loaded to the tlip-tlop
FF3, and L level i1s decided as the receive data S18. In this

way, the data decision circuit 18 detects the three clock tim-
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ings to be sampled by the ring counter, and outputs the deci-
s10n by majority result at this time as the receive data.

According to the above embodiment, one supplemental
clock 1s generated between the adjacent communication
clocks, but an odd number of supplemental clocks may be
generated. In this case, only the supplemental clocks may be
used as the sampling clocks.

In the above embodiment, a supplemental clock 1s gener-
ated between all the adjacent communication clocks, but
when four communication clocks are generated 1n one data
cycle, a supplemental clock may be generated only between
the second and third communication clocks of the data cycle.
Or when 8 communication clocks are generated 1n one data
cycle, a supplemental clock may also be generated between
the fourth and fifth communication clocks of the data cycle.

However, 1n order to adjust the cycle of the communication
clocks and the cycle of the data communication to be best by
controlling the cycle of the communication clocks at high
resolution, 1t 1s desirable to minimize the number of commu-
nication clocks i one data cycle, and to maximize the cycle of
the communication clock. As a consequence, 1t 1s preferable
that the number of communication clocks in one data cycle 1s
4. In this case, the second and third communication clocks 1n
one data cycle and the supplemental clock therebetween are
used as the sampling clocks, as the above embodiment shows.

What 1s claimed 1s:

1. A sertal communication device receiving serial data
synchronizing with a communication clock, comprising:

a clock generation unit dividing a reference clock accord-
ing to a predetermined dividing value, generating the
communication clock with a timing corresponding to
said dividing value of said reference clock, and generat-
ing a supplemental clock with an arbitrary timing of said
reference clock between adjacent commumnication
clocks; and

a data decision circuit recerving said serial data, sampling,
1-bit data at sample timings including at least the adja-
cent communication clocks and the supplemental clock
therebetween, and deciding a value of said 1-bit data
according to a majority of said sampled 1-bit data.

2. The serial communication device according to claim 1,
wherein when said predetermined dividing value 1s an odd
number, said clock generation unit generates the supplemen-
tal clock at a timing of the reference clock which 1s shifted
from a central timing between said adjacent communication
clocks.

3. The serial communication device according to claim 1,
wherein when said predetermined dividing value 1s an even
number, said clock generation unit generates the supplemen-
tal clock at a timing of the reference clock matching with a
central timing between said adjacent communication clocks
or at a timing of the reference clock which 1s shifted from said
central timing.

4. The serial communication device according to claim 1,
wherein said clock generation unit comprises a dividing value
register in which a setup value corresponding to said dividing
value 1s set, and a counter for counting down said setup value
with synchronizing with said reference clock or counting up
to said setup value with synchronizing with said reference
clock, and generating a communication clock each timing
corresponding to said dividing value of said reference clocks.

5. The serial communication device according to claim 4,
wherein said clock generation unit further generates said
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supplemental clock each time said counter value reaches 2,
1A+1 or Y2-1 value of said setup value.

6. The serial communication device according to claim 4,
wherein said clock generation unit further comprises a
supplemental clock register for setting a timing to generate
said supplemental clock, and a supplemental clock genera-
tion circuit for generating said supplemental clock each time
said counter value reaches a setup value of said supplemental
clock register.

7. The serial communication device according to claim 1,
wherein said data decision circuit comprises a first flip-tlop
for capturing said serial data with synchronizing with said
communication clock, and a second thp-flop for capturing
said serial data with synchronizing with said supplemental
clock, wherein the majority of said first and second thp-flop
data and a serial data at a predetermined timing 1s decided for
1-bit data, and recerved data 1s generated.

8. The serial communication device according to claim 7,
wherein said data decision circuit further comprises a com-
munication clock counter for repeatedly counting the number
of said communication clocks which are generated during a
period of said 1-bit data, wherein said majority 1s decided
cach time the counter value of said communication clock
counter reaches near 2 of the number of communication
clock count corresponding to said 1-bit data period.

9. The serial communication device according to claim 8,
wherein the communication clock counter 1n said data deci-
s10n circuit starts the count operation 1n response to a start bit
which exists at the beginning of said serial data.

10. The serial communication device according to claim 1,
wherein said reference clock 1s generated at a device which
receives said serial data.

11. The serial communication device according to claim 1,
wherein said dividing value 1s set such that the cycle of said
communication clock becomes 4 of the cycle of said serial
data.

12. A serial communication device recerving serial data
synchronized with a communication clock, comprising:

a clock generation unit that 1s capable of being set with a
dividing value and divides a reference clock according
to said set value, generates the communication clock ata
timing corresponding to said dividing value of said ret-
erence clock, and turther generates a supplemental clock
between a pair of adjacent communication clocks; and

a data decision circuit recerving said serial data, sampling
1-bit data at sampling timings that include at least said
pair of adjacent communication clocks and the supple-
mental clock therebetween, and deciding said 1-bit data
according to a majority of the plurality of said sampled
1-bit data.

13. The serial communication device according to claim
12, wherein the setup value corresponding to the dividing
value to be set 1 said clock generation unit 1s set so as to
match a cycle of said serial data.

14. The serial communication device according to claim
12, wherein said clock generation unit comprises a counter
that counts with synchronizing with said reference clock,
wherein said communication clock 1s generated each time the
counter value of said counter reaches said dividing value, and
said supplemental clock 1s generated each time said count
value reaches near 2 of said dividing value.
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